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Introduction
Researcher’s efforts world-wide are directed
to finding cleaner fuels than fossil fuels in internal
combustion engines. The goal is to replace or re-
duce the use of fossil fuel. Conventional fuels such
as gasoline degrade the environment. Use of Pe-
troleum oil in trans portation greatly contributes
to the deterioration of the environment through
the emission of regulated emissions such as nitric
oxides (NOx), unburned hydrocarbon (UHC),
carbon monoxide (CO), particulate matter (PM),
and carbon dioxide (CO2). These pollutants accu-
mulating into the atmosphere contribute to the
greenhouse effect, adverse effect on public health
and climate change. Alcohols are oxygenates
which have emerged as alternatives for improving
the octane number and oxygen content in gasoline
[9], which improves combustion process.
Researchers have investigated the effect of
mainly single alcohol-gasoline blends on engine
parameters such as ignition delay, emission be-
havior and fuel consumption. Regardless of the
positive impact of emission reduction afforded by
alcohol blends, they present certain problems
that need to be dealt with if satisfactory perfor-
mance is to be guaranteed in engines.
A substantial amount of studies [7, 8, 14]
has focused on the use of single alcohol/gasoline
blends (%) taking the advantages of oxygenates
and their potential status to reduce regulated
emissions. Their advantages over gasoline include
better anti-knock characteristics and reduction of
CO and UHC emissions [6, 9, 14, 18]. Alcohols
such as ethanol, methanol, and butanol have a
higher octane rating than gasoline fuel (GF) and
therefore can be used in high compression ratio
(CR) engines with high power. The higher heat of
evaporation of the alcohols (3–5 times) than GF,
cools down the incoming fuel-air charge making it
denser and thereby improving the power output.
On the other hand, the high auto-ignition temper-
ature of alcohols makes them safer to handle than
GF [5]. The most popularly studied alcohol used
as a fuel additive in spark ignition engines is etha-
nol [11, 23]. In recent years interest by research-
ers in n-butanol as a transportation fuel has risen
[24]. In Ref [21] experiments were conducted on a
single cylinder, spark ignition, Cooperative Fuel
Research (CFR) engine. The author’s finding is
that the ignition delay for n-butanol/gasoline
blends decreases when the shared volume of
n-butanol to GF was increased and the burning
duration for the n-butanol/gasoline blends or
100 % n-butanol is similar to that of GF. Blends
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Normal Butanol Additive in Methanol-Gasoline Blends
Fired in a Spark Ignition Single Cylinder Engine :
Effects on Combustion and Emission Characteristics
The effect of firing n-butanol additives in methanol-gasoline blends is compared with
that of methanol-gasoline blends of total alcohol volume of 10 to 90 % in gasoline fuel
(GF). The comparison was based on combustion and regulated remission characteristics.
Tests were carried out on a BASF octane rating engine. Higher volatility and lower en-
ergy content of methanol-gasoline blends used were improved by the addition of
n-butanol to the blends. Additives of n-butanol was recommended for the shortening
combustion duration; reducing engine-out oxygen a benefit for downsizing the intake
manifold and raising the heating value of fuel mixture. Bibl. 17, Fig. 9, Table 2.
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of n-butanol, 0 % (GF), 20 %, 60 %, and
100 % were studied, and compression ra-
tios, (CR) of 8:1 and 10:1 were examined.
Besides, n-butanol and blends develop
higher in-cylinder pressures than GF.
Lubrication problems are usually
encountered by conventional fuel injec-
tion systems [20] due to the lower vis-
cosity of alcohol fuels, which lead to
the wearing of the engine parts. During
combustion, an alcohol blended fuel
produces acids that are responsible for
wearing of engine parts. Neutralizers
such as Zinc dialkyldithiophosphates and calcium
sulfonates are added in lubricating oil to neutralize
these acids and improve lubrication. Shorter inter-
vals of lubricant oil change reduce corrosive wear
significantly. All alcohols are highly corrosive,
which is a function of water content; but the
higher the molecular weight of the alcohol the less
corrosive it is [17].
Another drawback of single alcohols with
low carbon hydrogen (C/H) ratio alcohol such
as ethanol and methanol is the reduction in en-
ergy content. Anhydrous ethanol is soluble in
gasoline [15]. The properties of n-butanol are
such that n-butanol has the potential to overcome
the drawback of lower-carbon alcohols [22].
The emission of toxic organic compounds
such as aldehydes increases with the increase of
alcohol content in the fuel mixture. However the
minimum emissions of aldehydes correspond to
the stoichiometric composition of the fuel mix-
ture and increase when it is leaned or enriched
with fuel. These can be reduced by adding to the
fuel mixture small proportions of aniline and pre-
heating the air before entering the engine [10].
Although fewer works [7, 21], have appeared
in the literature involving combustion character-
istics of isomers of butanol and methanol,
n-butanol has several advantages over methanol
and ethanol. These include: high tolerance to wa-
ter contamination [8]; use in existing fuel distri-
bution pipelines, less corrosive to aluminum or
polymer components in fuel system, has ability to
blend in gasoline or diesel at higher shared vol-
ume without modifying vehicles and results in
better fuel economy due to its higher energy den-
sity. The impacts that widely used alcohols (eth-
anol and methanol) as additives in traditional fu-
els have on the mixture properties are summa-
rized as follows:
— Improve combustion efficiency due to
intermolecular oxygen between the molecules of
the alcohol.
— Reduce the theoretical air-to-fuel ratio
and leans the fuel mixture with GF.
— Have reduced energy content measured by
lower heating value (LHV) which causes higher
brake specific fuel consumption (BSFC).
A comparison of the properties of the alco-
hols is shown in Table 1.
Single lower alcohol(methanol)-gasoline
blends that are mostly used in engines emit
high evaporative emissions during cold starting
of engines [2]. Increasing the shared volume of
methanol to gasoline fuel has limited application
due to the loss of brake power caused by the re-
duced energy content of alcohol blends. The
methanol-gasoline blends used in engines cause
vapor lock in fuel delivery systems due to their
higher volatility, which is measured indirectly by
vapor pressure (VP). However, the addition of
higher alcohols such as propanol, n-butanol, and
pentanol to the methanol-gasoline blends elimi-
nates or reduces vapor lock due to the lower vol-
atility of the higher alcohols [2].
Methanol-gasoline blends raise the vapor
pressure (VP) [13] measured by the Reid
method [4] and depresses the distillation curves
[3]. The lower carbon to hydrogen ratio (C/H)
alcohols (methanol and ethanol) causes the
most dramatic increase in VP and the largest
depression of the distillation curve. The addi-
tion of the higher alcohols to single alcohol
blends moderates the VP of the fuel mixture
and curbs the effect on the distillation curves.
The cited authors demonstrated the improve-
ment caused by dual alcohols such as n-butanol
or other higher alcohol admixed to single alco-
hol blends during the cold starting of the en-
gines. However, they did not evaluate the ef-
fects of the proposed dual alcohols on combus-
tion and regulated emission characteristics of
steady state engine operation.
The aim of this study was to determine the ad-
vantages of firing n-butanol added to methanol-gas-
oline blends on a single cylinder spark ignition en-
gine operating at steady state. The combustion and
regulated emission characteristics of the blends
were compared with the single methanol-gasoline
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Table 1. Properties of Gasoline, Methanol and n-Butanol
Property Gasoline Methanol n-Butanol
Chemical formula C8H15 CH3OH C4H9OH
Molecular weight [kg/kmol] 111 32 74
Oxygen cont. [mass. %]* 0 50 22
Net Lower Heating Value [MJ/kg] 43.5 20.1 33.3
Stoichiometric A/F ratio [-] 14.6 6.4 11.1
Specific Gravity [-] 0.72 0.79 0.81
Octane Number [-] 91–97 107 113
Vapor Pressure at the 23.5 °C [kPa] 60–90 32 2.3
Latent heat [kJ/kg] 305 1103 581.4
* Ref. [1, 18].
blends. The dual alcohol blends were specially se-
lected to match the vapor pressure of GF.
Methods and materials
It is known that the amount of alcohol
which one can add to the conventional fuels (so
called shared volume) has certain limits due to
the physical/chemical differences between alco-
hols and conventional fuels. The author’s hypoth-
esis is that it is possible to increase the alcohol
shared volume in gasoline fuel (GF) beyond the
known limits by using two alcohols (instead of
one). These two alcohols have to be selected in
such a way that the physical properties of the re-
sulting mixture will not hinder the performance
characteristics in internal combustion engines.
In this study two alcohols: methanol and
n-butanol were blended into GF in proportion
that increases the volume of alcohol % (v/v) in
the blend to higher than 30 %. The additive of
n-butanol to methanol-gasoline blends dual alco-
hol gasoline (DAG) blends were prepared by a
method to optimize them in the function of the
VP as proposed in Ref. [2].
Fourteen blends were used as shown in Table 2
(M0 not shown, represents the reference (ref)
fuel, that is, GF with octane number 95). The
DAG blends were selected with proportions of
methanol and n-butanol % (v/v) in gasoline fuel
so that the final mixture had the same VP as GF
meeting the VP requirement for fuels. The basic
engine parameters are shown in Table 3. The en-
gine was made to run for 20 minutes to warm up.
The blends were evaluated in terms of indicated
pressure and heat release as a function of crank
angle degrees; emission characteristics as a func-
tion of the excess air ratio () at a constant
speed of 600 RPM. The experiments were con-
ducted on a BASF (Badische Anilin- und Soda
Fabrik) octane rating engine as shown in Figure
1. The heat release rate (HRR) was calculated
using the indicated pressure data from the engine
runs and a computer program [12, 19].
The fuel n-butanol was manufactured by
VWR Prolabo (BDH), purity 99.99, a density of
0.809 g/cm2 (20 C), molecular formula CH3–
(CH2)2–CH2OH, molecular weight (MW) 74.12
kg/kmol, boiling point 118 C (at 1013 kPa),
melting point –89.8 C, flash point: 30 C.
Methanol was purity 99.9 % manufactured by
Molar chemicals KFT; specific gravity 0.790, wa-
ter content 0.028 %, evaporation residual
0.0008 %. Gasoline of specification EN-95 was
manufactured by MOL.
Speed was kept constant at 600 RPM and
compression ratio of 7.3:1. The accuracy of the
analyzers is shown in Table 4. The pre-sampler
and measuring equipment, a Horiba 8120F ana-
lyzer module, is shown in Figure 1. The module
was equipped with two infrared gas analyzers of
the type: Horiba Model AIA-23 used to measure
CO and CO2 components. A hydrocarbon heated
flame ionization detector type: Horiba FID–
FIA-22 was used to measure UHC; whereas a
chemiluminescence detector type: CLD-53M
NO/NOõ measured NOx in the range: 0 to 5000
ppm. The pressure transducer of the Type: Kistler
6005 was used to measure the pressure in the
combustion chamber; and a sensor type:
Hengstler RI 32-0/1024.ER.14KA optical en-
coder was used to determine the Top dead center
(TDC) and speed [19].
Results and discussions
The aim of this study was to determine (by
engine experiments) the superior qualities of dual
alcohols over single alcohol gasoline blends. The
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Table 2. Methanol and n-butanol to admix the
gasoline fuel for experimental evaluation
Bore [mm] 65
Stroke [mm] 100
Displacement [ccm] 332
Maximum power at full load and 600 RPM [kW] 0.6
Maximum fuel consumption [ml/h] 400
Orifice diameter [mm] 0.6
Spark plug W145T1
Mixture Heater [W] 70
Compression ratio changeable from 4:1 to 11:1
Type BASF
Table 3. Test engine parameters
Methanol-gasoline blends (SAG)
Blend # 1 2 3 4 5 6 7
Methanol 10 15 20 25 30 40 80
Ctot 10 15 20 25 30 40 80
Gasoline 90 85 80 75 70 60 20
Identification M10 M15 M20 M25 M30 M40 M80
n-Butanol additive (DAG)
Blend # 8 9 10 11 12 13 14
Methanol 10 15 20 25 30 40 80
n-Butanol 20 25 30 35 20 20 10
Ctot 30 40 50 60 50 60 90
Gasoline 70 60 50 40 50 40 10
Identification
M-nB 10:20 15:25 20:30 25:35 30:20 40:20 80:10
Table 4. Accuracy of measuring instruments
Analyzer Range Accuracy
Carbon monoxide (CO) 0–15 % (v/v) ± 0.011 %
Carbon dioxide (CO2) 0–16 % (v/v) ± 0.336 %
Unburned Hydrocarbon (UHC) 0–5000 ppm ± 10.5 ppm
Nitrogen oxides (NOx) 0–5000 ppm ± 42 ppm
problems of vapor lock and deterioration of the
lower heating value of the fuel mixture caused by
single alcohol blends are compensated with the
addition of n-butanol to the methanol-gasoline
(SAG) blends [2]. However, it was necessary to
determine the effect of burning the DAG blends
on combustion and emission characteristics at
steady state engine operation.
Figure 2 (a) shows the effect of blends:
M10, M15, M20, M30, M40, and M80 on un-
burned hydrocarbon concentration. Because meth-
anol has lower energy content than GF; an in-
creased dose of methanol-gasoline blend is sup-
plied to produce the same output of brake power
as GF. This causes emission of UHC to increase.
However, the greater oxygen content of the
methanol-gasoline blends than GF causes the
emission of UHC to be reduced during the com-
bustion process. Consequently methanol-gasoline
blends recorded a lower UHC emission concentra-
tion than GF. The emission of UHC was further
reduced as the shared volume of methanol to GF
was increased above 40 % (v/v).
In Figure 2 (b) similarly there is a small in-
creased dosage of the blend M-nB 40:20 (40 %
methanol, 20 % n-butanol, and 40 % gasoline by
volume (v/v)) supplied relative to M-nB 25:35
(with the same total alcohol content) in order to
maintain the same brake power output. As before
the net effect is that the blend of M-nB 40:20 re-
corded less emission of UHC than that of M-nB
25:35; because as is indicated in Table 2.0,
methanol, which has twice the amount of oxygen
than n-butanol oxidizes UHC more than does
n-butanol. Similarly, M-nB 20:30 had a lower UHC
emission reduced relative to GF than M-nB 30:20
(arbitrary chosen). But the net effect of the two
blends was almost the same (from  = 1.12 to 1.29).
In Figure 3 (a) effect of blend M-nB 10:30
and M30 emissions on UHC were compared. The
blend M-nB 10:30 reduced emission of UHC by 9.2 %
(relative to GF) and M30 by 20 % at  = 1.1 with
a total alcohol content of 30 % (v/v). In Figure 3
(b) effects of the blends: M-nB 15:25 and M40
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Figure 1. Schematic arrangement of test engine and gas ana-
lyzers: (1) Single piston BASF engine, (2) crank angle en-
coder, (3) charge amplifier, (4) piezoelectric pressure trans-
ducer (inside cylinder), (5) carburetor, (6) three way cata-
lytic converter, (7) thermocouple, (8) data acquisition PC to
measure emissions, (9) PC to measure indicated pressure, (11)
H2-He cylinder, (12) heated pre-sampler system, (13) Para-
magnetic-analyzer (O2), (14) carbon monoxide gas analyzer,
(15) Horiba Mexa 8120F analyzers.
Figure 2. Unburned hydrocarbon emission vs  for (a) methanol and (b) n-butanol-methanol-gasoline blends.
on UHC emissions were compared. M-nB 15:25 re-
duced emission of UHC by approximately 16.9 %;
whereas M40 by 26.9 % at  = 1.1 relative to GF
with a total alcohol content of 40 % (v/v). The
reasons for this behavior are discussed in the sec-
tion of Figure 2.
In Figure 4 (a) the test blends: M30, M40,
M-nB 10:20 and M-nB15:25 had similar indicated
peak pressure and reduced with increasing excess
air ratio () due to the so called leaning effect of
the alcohols added to GF. It is desirable for the
engine to operate with blended fuel near  =1.09
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Figure 3. Comparing the effect of (a) M30 with M-nB 10:20 and (b) M40 with M-nB 15:25 blends on UHC emission vs .
Figure 4. The relationship between maximum indicated pressure (ip) and HRR and corresponding (CA) ATDC vs .
to maintain effective pressure. Figure 4 (b) shows
that the leaner the fuel mixture is ( > 1.2) the
location crank angle degree after top dead centre
(CA ATDC) of the peak indicated pressure is
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Figure 5. Emission characteristics of fuel: ref fuel, blends:M10 and M15 vs real time.
Figure 6. Emission characteristics of methanol-gasoline blended fuel vs real time.
more into the expansion stroke than when  =
1.09. The maximum HRR observed with fuel
blend M30 and M40 is higher than that of blends
M-nB 10:20 and M-nB 15:25 respectively (see
Figure 4 (c)). However, the greater leaning ef-
fect of the methanol-gasoline blends for the same
brake power output than the DAG blends is un-
desirable for good engine performance. The DAG
blends moderate the leaning effect and also short-
ens combustion duration (Figure 4 (d)) due to
the improved heating value compared with meth-
anol-gasoline blends.
Figure 5 shows the effect of test fuels: M0,
M10 and M15 on regulated emissions. When NOx
emission was maximum implying high tempera-
tures, CO and UHC were minimized (at real
time: 16:00 to 17:00 hrs — see Figure 5 (a) and
Figure 5 (b)). Emissions of UHC rose about
17:00 hrs in Figure 5 (a) whereas NOx emission
dropped significantly indicating low tempera-
tures, which are characteristic of alcohol blends.
This trend was also observed beyond real time
18:00 hrs in Figure 5 (a). Emission of CO2 was
high (peak) depicting complete combustion of
the fuels with a high oxidation of CO (compar-
ing Figure 5 (b) with Figure 5 (c)). Emission of
CO by all the test fuels was mostly identical
around the value of 500 ppm in real time; but
quite high at the beginning of experiments due to
the effects of the gasoline fuel during engine
warm-up (Figure 5 (b)). Engine-out oxygen var-
ied between 2 and 5 % (Figure 5 (d)) at mini-
mum CO emission whereas the oxygen-out with
M0 depended on operating conditions such as en-
gine warm up.
Figure 6 (a-c) shows the regulated emission
for five blends: M20, M25, M30, M40, and M80.
There was a slight fall in the NOx emission when
the alcohol content in GF was increased (see also
Figure 5 (a)) due to the fall in temperature in-
troduced by the blends which have a higher la-
tent heat than GF (see Table 1). Emissions of
UHC were at minimum concentration when NOx
(Figure 6 (a)) was at its maximum level and vice
versa. Emission of NOx reduced slightly relative
to GF with the addition of methanol or both
methanol and n-butanol fractions into gasoline
fuel (Figures: 5 (a), 6 (a), 7 (a)). Theoretically
thermal NOx is a by-product of combustion and
its formation rate has exponential dependence on
temperature. Its formation, which is well studied
and understood [16] depends on the residence
time and higher temperatures.
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Figure 7. Emission characteristics of n-butanol additive blended fuel vs real time.
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Figure 8: (a, b) Effect of methanol-gasoline and (c, d) dual alcohol blends on indicated pressure (ip) and heat release rate
(HRR) at  = 1.1.
Figure 9: (a, b) Effect of methanol-gasoline and (c, d) dual alcohol blends on indicated pressure (ip) and heat release rate
(HRR) at  = 1.0.
As indicated before the minimum and level
emission of CO (Figure 6 (b)) implied that suffi-
cient oxidation of the pollutant occurred in high
temperature environment; in contrast the emis-
sion of CO2 (Figure 6 (c)) correlating with that
of NOx (Figure 6 (a)) was high as expected.
However, engine-out oxygen Figure 6 (d) varied
between 2 and 6.5 % when CO emission was at
minimum concentration.
Figure 7 shows the effect of DAG blends:
from M-nB10:20 to M-nB 80:10 on emissions.
The results are similar to single alcohols de-
scribed in the section of Figure 6. However, the
engine-out oxygen is significantly reduced (1.0 to
2.5 %, see Figure 7 (d)) at minimizing emission
of CO indicating their superior quality of com-
bustion. Besides a reduced oxygen-out is a benefit
for downsizing the intake manifold.
In Figure 8 (a-d), the heat release rate
(HRR) of M10 (see Figure 8 (a)) and M-nB
30:20 (Figure 8 (c)) blends had the same com-
bustion duration in (CAD) as GF. Both blends
had the same indicated peak pressure. However,
blends: M25, M40, M-nB 40:20, M-nB 25:35 and
M-nB 80:10 had a shortened combustion dura-
tion; whereas blends: M15, M20, M30, M80,
M-nB 10:20, M-nB 15:25 and M-nB 20:30 had a
slightly prolonged combustion duration. Conse-
quently the effect of increased n-butanol fraction
on the combustion duration was to shorten it; that
is when the shared volume of both n-butanol and
methanol in GF was increased. However, combus-
tion duration was prolonged in the case of metha-
nol only-gasoline blends. The effect of n-butanol
was to improve the combustion efficiency due to
its higher heating value than methanol.
Figure 9 shows the effect of blends on HRR
for stoichiometric mixtures for both the n-butanol
additive and methanol-gasoline blends. The com-
bustion duration was prolonged more substan-
tially for both blends compared with their effects
in Figure 8.
Conclusions
The shared volume (% v/v) of alcohol used
in conventional fuels such as gasoline is limited
by the lower energy content of the alcohol. How-
ever, when another alcohol such as n-butanol is
added in the methanol-gasoline blend, the energy
content of the fuel mixture is improved. The
lower volatility of n-butanol is reported [2] to re-
duce the problems of the fuel delivery system
caused by the higher volatility of methanol-gaso-
line blends used. The aim of this study was to de-
termine the advantages of firing additives of
n-butanol in methanol-gasoline (DAG) blends
over methanol-gasoline (SAG) blends. This was
done on a spark ignition single cylinder engine at
steady state operation. Regulated emissions and
combustion characteristics of the two types of
blends were compared.
A greater reduced emission of UHC with the
SAG blends was observed than DAG blends (con-
strained to the same total alcohol content). The
emission of UHC reduced by 9.2 % (relative to
gasoline fuel-GF) using blend: M-nB 10:30 (10 %
methanol, 30 % n-butanol, and 60 % gasoline)
and by 20 % using M30 blend at  = 1.1. Blend
M-nB 15:25 reduced by approximately 16.9 %
whereas M40 reduced by 26.9 % at  = 1.1. Emis-
sion of UHC for the blends was at minimum
when NOx was at its maximum and vice versa.
There was a slight fall in the NOx emission
when the alcohol content in GF was increased.
Emission of CO by all the test fuels was gen-
erally around the value of 500 ppm in real time
but quite high at the beginning of experiments
due to the effects of the gasoline fuel during en-
gine warm-up.
A shortening of the combustion duration was
observed with DAG blends when the total shared
volume of methanol and n-butanol to GF was in-
creased. Besides these type of blends reduced the
leaning effect promoted by single alcohol (metha-
nol) gasoline blends. The methanol-gasoline
blends caused the combustion duration to be pro-
longed as the methanol shared volume to GF was
increased. Blends operating at stoichiometric
mixtures further prolonged combustion duration
than when operating at  = 1.1.
To compensate for the poor emission of UHC
reduced by DAG blends the total alcohol content
can be raised to greater than 40 % (v/v) needing
no engine modification.
The engine-out oxygen was significantly re-
duced using DAG blends indicating the superior
quality of combustion of the DAG blends. Be-
sides a reduced engine oxygen-out is a benefit for
downsizing the intake manifold.
The authors recommended the use of DAG
blends due to their effect of shortening combus-
tion duration and their higher energy content
than SAG blends.
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Nomenclature
ATDC – after top dead center
ASTM – American society for testing and materials
BTDC – before top dead center
C/H – carbon to hydrogen ratio
CAD – crank angle degrees
CR – compression ratio
DAG – dual alcohol gasoline
FID – flame ionization detection
GF – gasoline fuel
HRR – heat release rate
IP – Indicated Pressure [bars]
LHV – lower heating value [MJ/kg]
Mx – % methanol in gasoline fuel
RVP – vapor pressure [kPa, psi] by Reid Method
SAG – single alcohol gasoline
TDC – top dead center
UHC – unburned hydrocarbon
VP – vapor pressure
 – excess air ratio
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Äîáàâëåíèå íîðìàëüíîãî áóòàíîëà ê ìåòàíîë-áåíçèíîâûì
ñìåñÿì, ñæèãàåìûì â îäíîöèëèíäðîâîì äâèãàòåëå ñ
èñêðîâûì çàæèãàíèåì : Âëèÿíèå íà õàðàêòåðèñòèêè
ãîðåíèÿ è îáðàçîâàíèå âðåäíûõ âåùåñòâ
Äîáàâëåíèå äîçèðîâàííîé ñïèðòîâîé äîáàâêè, êîòîðàÿ èñïîëüçóåòñÿ â ñòàíäàðòíûõ
áåíçèíîâûõ òîïëèâàõ, îãðàíè÷èâàåòñÿ â ñâÿçè ñ ïîíèæåííîé ýíåðãèåé (òåïëîòîé ñãî-
ðàíèÿ) ñïèðòà, îäíàêî ýíåðãèÿ òîïëèâà âîçðàñòàåò ïðè èñïîëüçîâàíèè â ìåòàíîë-áåí-
çèíîâîé ñìåñè, ïîìèìî èìåþùåéñÿ, äðóãîé ñïèðòîâîé äîáàâêè — í-áóòàíîëà. Ïðè
ýòîì áëàãîäàðÿ ïîíèæåííîé ëåòó÷åñòè í-áóòàíîëà îñëàáëÿþòñÿ ïðîáëåìû ñ òîïëèâíîé
ñèñòåìîé äâèãàòåëÿ, îáóñëîâëåííûå ïîâûøåííîé ëåòó÷åñòüþ ìåòàíîë-áåíçèíîâûõ ñìå-
ñåé. Öåëü ðàáîòû ñîñòîÿëà â îïðåäåëåíèè ïðåèìóùåñòâ èñïîëüçîâàíèÿ äâîéíûõ ñïèð-
òîâûõ ñìåñåé ñ áåíçèíîì (DAG) ïî ñðàâíåíèþ ñ îäíîñïèðòîâûìè ñìåñÿìè (SAG). Ñî-
äåðæàíèå ñïèðòîâ â ñìåñè ïðåâûøàëî 30 % (îá.). Âîçäåéñòâèå ãîðþ÷èõ ñïèðòîâûõ äî-
áàâîê í-áóòàíîëà ê ìåòàíîë-áåíçèíîâûì ñìåñÿì (DAG) ñðàâíèâàåòñÿ ñ òàêîâûì ïðè
èñïîëüçîâàíèè ìåòàíîë-áåíçèíîâûõ ñìåñåé (SAG) äëÿ ñëó÷àåâ ñîäåðæàíèÿ ñïèðòîâ îò
10 äî 90 % (îá.) â áåíçèíîâîì òîïëèâå. Ñðàâíåíèå îñíîâûâàëîñü íà õàðàêòåðèñòèêàõ
ãîðåíèÿ ïî ñòåïåíè ïðèáëèæåíèÿ ê ðåãëàìåíòèðóåìûì ïîêàçàòåëÿì âðåäíûõ âûáðî-
ñîâ: NOx, CO, UHC (íåñãîðåâøèå óãëåâîäîðîäû). Èñïûòàíèÿ ïðîâîäèëèñü íà äâèãà-
òåëå ôèðìû BASF ñ ïåðåñ÷åòîì ìîùíîñòè (ïî îêòàíó). Óñòàíîâëåíî, ÷òî âûáðîñû
UHC ñîêðàùàëèñü â áîëüøåé ñòåïåíè ïðè ðàáîòå ñ SAG, ÷åì ïðè èñïîëüçîâàíèè
DAG. Ïîâûøåíèå äîëè ñïèðòà â áåíçèíîâîì òîïëèâå ñîïðîâîæäàåòñÿ íåçíà÷èòåëüíûì
óìåíüøåíèåì âûáðîñîâ NOx. Ïðè ýòîì âûáðîñû UHC äëÿ ñìåñåé ìèíèìàëüíû, êîãäà
ñîäåðæàíèå NOx ìàêñèìàëüíî, è íàîáîðîò. Óñòàíîâëåíî, ÷òî ðîñò NOx 	 (NOx)max
ïðè âûñîêèõ òåìïåðàòóðàõ ñîïðîâîæäàåòñÿ ìèíèìèçàöèåé âûáðîñîâ ÑÎ è UHC. Ðå-
êîìåíäóåòñÿ äîáàâëåíèå í-áóòàíîëà äëÿ ñîêðàùåíèÿ ïðîäîëæèòåëüíîñòè ãîðåíèÿ è
ñíèæåíèÿ ñîäåðæàíèÿ êèñëîðîäà íà âûõîäå èç äâèãàòåëÿ êàê îñíîâà ñîêðàùåíèÿ ãàáà-
ðèòîâ âïóñêíîãî (âñàñûâàþùåãî) òðóáîïðîâîäà è ïîâûøåíèÿ òåïëîòû ñãîðàíèÿ òîï-
ëèâíîé ñìåñè. Áèáë. 17, ðèñ. 9, òàáë. 2.
Êëþ÷åâûå ñëîâà: áåíçèíî-ñïèðòîâîå òîïëèâî, áèîñïèðòû, âðåäíûå âûáðîñû (NOx,
CO, UHC), ãîðåíèå, äâèãàòåëü ñ èñêðîâûì çàæèãàíèåì.
Ïîñòóïèëà â ðåäàêöèþ 22.09.13
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Äîäàâàííÿ íîðìàëüíîãî áóòàíîëà äî ìåòàíîë-áåíçèíîâûì
ñóì³øåé, ùî ñïàëþþòüñÿ â îäíîöèë³íäðîâîìó äâèãóí³
ç ³ñêðîâèì çàïàëåííÿì : Âïëèâ íà õàðàêòåðèñòèêè
ãîð³ííÿ òà óòâîðåííÿ øê³äëèâèõ ðå÷îâèí
Äîäàâàííÿ äîçîâàíî¿ ñïèðòîâî¿ äîì³øêè, ÿêà âèêîðèñòîâóºòüñÿ ó ñòàíäàðòíèõ áåíçè-
íîâèõ ïàëèâàõ, îáìåæóºòüñÿ ó çâ’ÿçêó ç³ çíèæåíîþ åíåðã³ºþ (òåïëîòîþ çãîðÿííÿ)
ñïèðòó, ïðîòå åíåðã³ÿ ïàëèâà çðîñòàº ïðè âèêîðèñòàíí³ ó ìåòàíîë-áåíçèíîâ³é ñóì³ø³,
îêð³ì ò³º¿, ùî º, ³íøî¿ ñïèðòîâî¿ äîì³øêè — í-áóòàíîëà. Ïðè öüîìó çàâäÿêè çíè-
æåí³é ëåòþ÷îñò³ í-áóòàíîëà îñëàáëþþòüñÿ ïðîáëåìè ç ïàëèâíîþ ñèñòåìîþ äâèãóíà,
çóìîâëåí³ ï³äâèùåíîþ ëåòþ÷³ñòþ ìåòàíîë-áåíçèíîâèõ ñóì³øåé. Ìåòà ðîáîòè ïîëÿãàëà
ó âèçíà÷åíí³ ïåðåâàã âèêîðèñòàííÿ ïîäâ³éíèõ ñïèðòîâèõ ñóì³øåé ç áåíçèíîì (DAG) ó
ïîð³âíÿíí³ ç îäíîñïèðòîâèìè ñóì³øàìè (SAG). Âì³ñò ñïèðò³â ó ñóì³ø³ ïåðåâèùóâàâ
30 % (îá.). Ä³ÿ ãîðþ÷èõ ñïèðòîâèõ äîì³øîê í-áóòàíîëà äî ìåòàíîë-áåíçèíîâèõ ñóì³-
øåé (DAG) ïîð³âíþºòüñÿ ç òàêîþ ïðè âèêîðèñòàíí³ ìåòàíîë-áåíçèíîâèõ ñóì³øåé
(SAG) äëÿ âèïàäê³â âì³ñòó ñïèðò³â â³ä 10 äî 90 % (îá.) ó áåíçèíîâîìó ïàëèâ³.
Ïîð³âíÿííÿ ãðóíòóâàëîñÿ íà õàðàêòåðèñòèêàõ ãîð³ííÿ çà ì³ðîþ íàáëèæåííÿ äî ðåãëà-
ìåíòîâàíèõ ïîêàçíèê³â øê³äëèâèõ âèêèä³â: NOx, CO, UHC (íåçãîð³ë³ âóãëåâîäí³).
Âèïðîáóâàííÿ ïðîâîäèëèñÿ íà äâèãóí³ ô³ðìè BASF ç ïåðåðàõóíêîì ïîòóæíîñò³ (çà
îêòàíîì). Âñòàíîâëåíî, ùî âèêèäè UHC ñêîðî÷óâàëèñÿ á³ëüøîþ ì³ðîþ ïðè ðîáîò³ ç
SAG, í³æ ïðè âèêîðèñòàíí³ DAG. Ï³äâèùåííÿ äîë³ ñïèðòó ó áåíçèíîâîìó ïàëèâ³ ñó-
ïðîâîäæóºòüñÿ íåçíà÷íèì çìåíøåííÿì âèêèä³â NOx. Ïðè öüîìó âèêèäè UHC äëÿ
ñóì³øåé ì³í³ìàëüí³, êîëè âì³ñò NOx ìàêñèìàëüíèé, òà íàâïàêè. Âñòàíîâëåíî, ùî çðî-
ñòàííÿ NOx 	 (NOx)max ïðè âèñîêèõ òåìïåðàòóðàõ ñóïðîâîäæóºòüñÿ ì³í³ì³çàö³ºþ âè-
êèä³â ÑÎ òà UHC. Ðåêîìåíäîâàíî äîäàâàííÿ í-áóòàíîëà äëÿ ñêîðî÷åííÿ òðèâàëîñò³
ãîð³ííÿ òà çíèæåííÿ âì³ñòó êèñíþ íà âèõîä³ ç äâèãóíà ÿê îñíîâà ñêîðî÷åííÿ ãàáà-
ðèò³â âïóñêíîãî (âñìîêòóþ÷îãî) òðóáîïðîâîäó òà ï³äâèùåííÿ òåïëîòè çãîðÿííÿ ïàëèâ-
íî¿ ñóì³ø³.Á³áë. 17, ðèñ. 9, òàáë. 2.
Êëþ÷îâ³ ñëîâà: áåíçèíî-ñïèðòîâå ïàëèâî, á³îñïèðòè, øê³äëèâ³ âèêèäè (NOx, CO,
UHC), ãîð³ííÿ, äâèãóí ç ³ñêðîâèì çàïàëåííÿì.
